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Abstract, Studjes on protein fractionation in seed coat, embryo, cotyledons and whole
seed were made to observe the differences, if any, between chickpea and pigeonpea.
Results indicated that globulin was the major fraction of embryo and cotyledons of these
legumes. Seed-coat nitrogen was observed to be mostly comprised of nonprotein nitro-
gen and glutelin fractions and thus differed from other components in both chickpea and
pigeonpea. The albumin fraction of cotyledons of both crops had the highest concen-
tration of sulphur amino acids, methionine and cystine. Glutelin contained a considerably
higher concentiration of methionine and cystine than did globulin in chickpea and pigeon-
pea. This suggests that lines with higher glutelin should be identified to improve theix
protein quality. The amino acid compositions of different seed comporients did not
show large differences between these two pulse crops.

Introduction

Chickpea (Cicer arietinum L.) and pigeonpea (Cajanus cajan ‘L.) are the two
most important food legumes in India and they provide additional protein
and calories in the largely cereal-based diet of the people. In general, the pro-
tein quality of these grain legumes is primarily limited by their low levels of
-essential amino acids, methionine, cystine and tryptophan [3, 4]. The pro-
teins present in legume seeds can be broadly classified into metabolic proteins,
which are involved in normal cellular activities, and storage proteins, which
are synthesised during seed development, The storage protein, globulin, con-
stitutes a major proportion of the legume seed proteins and the limitations of
these proteins in the nutrition of humans and other monogastric aﬁl{nals are.
well known [7]. The amino acid composition of food crops can be'altered
either by varying the relative proportions of embryo and endospernﬁ or by
changing the relative proportions of metabolic and storage proteins as in the
case of opaque-2 maize [6].

Eatlier, workers reported the distribution of nitrogen, mineral and trace
elements in the various anatomical parts of commonly consumed Indian pulse
crops [9]. Pant et al. [8] fractionated the seed flour of 28 species of non-

* Subm1tted as JA no. 180 by the International Crops Research Institute for the Semi-
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edible legumes into fractions such as nonprotein nitrogen, albumin, globulin,
prolamin and glutelin. Fractionation and amino acid composition of bean
cotyledon protein has revealed that the alkali-soluble fraction has the highest
concentration of methionine {12]. Abdi and Sahib [1] reported that most of
the lysine of horse gram (Dolichos biflorus) seed is present in the albumin
fraction. Amino acid analysis by a paper chromatography technique indicated
that the water-soluble and alkaline-soluble fractions of chickpea were larger in
cystine, lysine, methionine and tryptophan, while the salt-soluble fraction
was found to be rich in arginine and glutamic acid [5]. Information on the
distribution of seed protein fractions and amino acids in food legumes is lim-
ited. The results of chickpea and pigeonpea protein fractionation studies, the
amino acid composition of the protein fractions, and the amino acid compo-
sition of different seed components of the pulse crops dre reported in this
article,

Materials and Methods

Materials. Pigeonpea (cv. Hy-3¢) and chickpea (cv. G-130) were grown in
rainy and post-rainy seasons of 1978-79, respectively, and were supplied by
our breeding program. Seed coat was separated from the whole grain manu-
ally after soaking the seed materlal at 4°—5°C for 4 h. Embryo was separated:
from the cotyledons by hand dlssectlon using a needle. The different com-
ponents were dried in an oven ‘at 65°C and samples were ground to a fine
powder in a Udy cyclone ¥mH using 2 0.4-mm screen. The samples were defat-
ted in a Soxhlet apparatus using hexane.

Separation of different protein fractions. The separation of different protein
fractions was carried out using the procedure described earlier [11]. The
protein extracts containing albumin and globulin in 0.5 M sodium chloride
solution in 0,01 M phosphate buffer (pH 7.0) were dialj/sgd against six/changes
of distilled water at room temperature (25°C) for 72h and the volume was
made to 50 ml. The dialysate was then centrifuged (12 000.g for 15 min) and
the pellet and supernatant of the dialysate were referred to as the globulin
and albumin, respectively. However, nonprotein nitrogen was lost during the
" process. These fractions were analysed for nitrogen and then freeze difed.

Total nitrogen and nonprotein nitrogen. The nitrogen content of the protein
fractions and other seed components was determined using a micro-Kjeldahl
procedure [2] and protein was calculated (N x 6.25). Nonprotein nitrogen
(NPN) was estimated by extraction of the samples with 10% trichloroacetic
acid (TCA) as described earlier [10].

Amino acid analysis. The amino acid profiles of the freeze-dried protein frac-
tions of cotyledons. and different seed components were determined using a
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Beckman 120-C amino acid analyser. Acid hydrolysis was performed by re-

fluxing for 24 h with constant-boiling 6 N HC1. The excess acid was removed.
in a flash evaporator and made up to volume using ciirate buffer (pH 2.2)

before analysis. In the case of pigeonpea, mean coefficient of variability of -
analysis for different amino acids ranged between 1.3% and 9.0% except for

isoleucine and histidine, where it was 11.3% and 11.9%, respectively ; whereas

limits of reproducibility for dlfferent amino acids varied between 2% and 10%

in case of chickpea.

Results and Discussion
Distribution of protein fractions

The results on distribution of protein fractions in different seed components
of chickpea and pigeonpea are summarised in Table 1. Both chickpea and
pigeonpea are made of three anatomical structures: the seed coat, the cotyle-
dons and the embryonic tissue [9]. Embryos constitute only a small propor-
tion of the total seed weight whereas the cotyledons constitute 82.9% and
85.3% of total dry weight in chickpea and pigeonpea, respectively (Table 1).
These values agree with earlier reported values [9]. Embryo and seed-coat
contents were slightly higher in chickpea than in pigeonpea. Protein fraction-
ation of seed coats, embryos, cotyledons, and whole seeds of chickpea and
pigeonpea did not reveal large differences between these two legumes (Table
1), but considerable differences in the d1str1but10n pattern of protein frac-
tions among the embryo, cotyledons and seed coats of these two legumes
were observed. When compared with other components, the embryo was
found to be richer in albumin both in chickpea and in pigeonpea. Whole-seed
chickpea had a slightly lower concentration of globulin than pigeonpea. Non-
protein nitrogen and -glutelin fractions we‘fp ‘higher in the seed coat as com-

“pared to other components and they had 4 much smaller proportion of albu-
min and globulin fractions. .

Amino acid composition of different protein fractions

Having observed that the cotyledons accounted for about 80%—85% of the
total dry-seed weight, various protein fractions of this component were ana-
lysed for amino acid composition and the results are shown in Table 2. When
the amino acid profile of different fractions was compared, albumin was
noticed to have the largest amount of sulphur amino acids, methionine and
cystine, lysine, aspartic acid, glycine and alanine in the case of both chickpea
- and pigeonpea. This fraction has also been identified as a rich source of lysine
in horse gram [1]. By calculation it was observed that this fraction contributed
about36% and 35% of the toal sulphur amino acids of the cotyledons of
 chickpea and pigeonpea, respectively.
Globulin, the major protein fraction, had lower methionine and cystine
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Table 2. Amino acid composition (g/16 g N) of seed pxétein fractions of chickpea and pigeonpea cotyledons

Pigeonpea

Chickpea

Prolamin

Globulin Glutelin

Albumin

Prolamin

Glutelin

Globulin

Amino aci

Ajbumin

OOMO\\DOO\MMMWOOMI\OOQV)
FCF(HMOHV)NF‘MO'—(OOOO\D'

HM\OOONO-—‘-—(OO[‘-QOOM-—INO\O
l\ﬁ'(‘-vﬂlm\ogl\ﬂ'l{)ﬂ'{)-—il{‘)c\mw

G\Q'OOO\QP‘-OMOHO\WOO‘#!\O\O\
\Oml‘-Omﬁ'NMﬂ‘ﬁ'OlhOm\DmO

OWVO\Q—*MOOG\NNN[‘*H(‘-N(‘

gd@mw©§¢W§MOH¢h¢*

NN N—NY—RMQon;
NN\I‘ON-—((‘*FWANONON-—!NM

QaNVYN AT A
VB OG0 O e T

fonmuANNgQR| QR
SaSammnna St S aY

QNWRENTRFNN NG — QA
ONWMWV‘AOOVIOWMQ'I—(WO\%V)

e :@ (]
.y : i L3

Q O B . =]
s8¢ BEol2e 86888548
B LR Ry
A & = — QO
CEEEEE R K

41.0
29.3

119.0

1019

119.9

64.
54.

99.

96.4

111.1

Total

N recovery (%)

96.5

84.6

98.8

87.

90.5

95.7

351



352

contents than the glutelin fraction. Since methionine is one of the limiting
essential amino acids of these legumes, a larger proportlon of protein fractions
containing this amino acid would be advantageous from the nutritional view-
point. The results obtained suggest that the selection of cultivars in which the
albumin or glutelin fraction is present in higher proportions would result in im-
proved methionine content in the whole seed.

Chickpea and pigeonpea differed from each other with respect to the
amino acid profile of prolamin fraction. In the case of pigeonpea, this frac-
tion had the highest amount of glutamic acid, followed by phenylalamne
whereas aspartic acid and glutamic acid were the predominant amino acids of
this fraction in chickpea. Nitrogen recovery values were the lowest for these
two prolamin fractions. When expressed on an equal nitrogen recovery basis,
they had the poorest lysine of all other fractions.

Amino acid composition of different seed components

Amino acid profiles of whole-seed, embryo, cotyledon and seed-coat samples
of chickpea and pigeonpea are shown in Table 3. Amino acid composition of
cotyledons revealed some noticeable differences between chickpea and pigeon-
pea. Levels of lysine, glutamic acid, and phenylalanine were higher in pigeon-
pea than in chickpea. But the reverse was the trend for aspartic acid and sul-
phur-containing amino acids. Differences in the amino acid composition of
the cotyledons will affect the overall nutritional potential of these legumes
since cotyledons constitute a major proportion of the whole seed. Amino acid
composition of embryos was observed to be nutritionally better than that of
the cotyledons in both chickpea and pigeonpea as these contained higher
amounts of lysine and sulphur amino acids, Levels of other amino acids of
embryos were very similar to those of their respective cotyledons. Seed coats
of chickpea and pigeonpea showed amino acid compositions slightly different
from those of embryos and cotyledons. The relative proportions of sérine,
threonine, proline and glyciné appeared to be considerably larger in seed coat
than that in cotyledons in both chickpea and pigeonpea, when expressed on
an equal nitrogen recovery bas1s

Summary

The- distribution of various anatomical parts of seeds did not reveal large dif-
ferences between chickpea and pigeonpea. While no noticeable differences be-
tween chickpea and pigeonpea are apparent with respect to the levels of
vaxious protein fractions, the higher levels of sulphur-containing amino acids
in glutelin than in globulins of these pulse crops suggest that cultivars with a
higher ratio of glutelin to globu]m should be identified to improve their seed
protein quality. ‘

Acknowledgement. The technical ‘assistance of R. Seetha and Santosh Gurtu in analysing
samples for amino acid composition is gratefully acknowledged.:
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